Objective-To examine the effect of a relatively low dose of creatine on skeletal muscle metabolism and oxygen supply in a group of training athletes. Methods-"P magnetic resonance and near-infrared spectroscopy were used to study calf muscle metabolism in a group of 10 female members of a university swimming team. Studies were performed before and after a six week period of training during which they took either 2 g creatine daily or placebo. Calf muscle metabolism and creatine/choline ratios were studied in resting muscle, during plantar flexion exercise (10-15 min), and during recovery from exercise. Results-There was no effect of creatine on metabolite ratios at rest or on metabolism during exercise and recovery from exercise. Muscle oxygen supply and exercise performance were not improved by creatine if compared to placebo treated subjects.
Creatine, principally found We used 31p and 'H magnetic resonance spectroscopy (MRS) to examine noninvasively the effect of a longer course of a lower dose of creatine on the constituents of the creatine kinase reaction in resting and exercising skeletal muscle in a group of athletes. We coupled the MRS studies with a study of muscle reoxygenation rate using near-infrared spectroscopy (NIRS). The study was conducted in a placebo controlled fashion and the subjects were studied before and after six weeks of either placebo or creatine treatment. Data on the same individual were compared using a paired t test. Data between groups on either creatine or placebo were compared using an unpaired t test. Statistical significance was assumed where P< 0.05.
Methods

Results
The subjects' lean body mass did not alter over the duration of the study. Neither creatine ingestion nor placebo had any significant effect on exercise duration in the magnet or performance time in the swimming pool (table 1) . Swimmers did not report any subjective benefit ofplacebo or creatine on training performance. Likewise, creatine ingestion had no effect on [ADP], pH, or metabolite ratios in the resting muscle or on changes in these factors during exercise ( Table 2) . Recovery of muscle oxygenation, resynthesis of PCr, and the calculated maximum mitochondrial ATP synthesis rate following exercise in the magnet (Qm,) were also unaffected by creatine ingestion ( Table 2) .
Discussion
Muscle creatine concentration is determined by a sodium-linked cotransporter that accumulates creatine against a concentration gradient in skeletal muscle."-'4 A 55 kg female has approximately 90 g of creatine and phosphocreatine in muscle and nerve tissues." A fixed proportion of this (1.7% d-') is excreted in the urine as creatinine. i"i6 Endogenous biosynthesis and dietary intake of creatine, at a rate of (1.5% d-'), normally replenishes this pool.
Endogenous biosynthesis largely occurs in liver and pancreas and there is some evidence that this can be downregulated by exogenous creatine.'6 While no formal dietary history was performed on our subjects, no high intake of creatine was present in these subjects before the start of the study. It is possible that the exogenous creatine taken by the athletes in this study did not significantly affect the combined concentrations of creatine and phosphocreatine ( This present study showed no changes in resting PCr/ATP, so it is unlikely that [TCr] had changed. Another study noted no significant change in PCr/ATP in resting muscle following creatine ingestion despite an increase in [TCr]8 but the extensive PCr breakdown inherent in using a muscle biopsy technique (PCr/ATP about 0.45 in that study, compared with 3.3 in the current study) affects interpretation of this ratio in muscle biopsies.
We also used the creatine/choline ratio as an index of alterations in [TCr] in muscle. We failed to see any difference in this ratio in either gastrocnemius or soleus muscle following creatine ingestion. By comparing the first and second study in the placebo treated group, there was no significant training effect on creatine/ choline ratios in these muscles. There was also no relation between the performance time in the swimming pool or in the magnet and the alteration in muscle creatine/choline ratio, suggesting that the changes in muscle creatine were too small to achieve biochemical or physiological significance.
ANAEROBIC METABOLISM During initial exercise, muscle metabolism is dominated first by PCr depletion4 and then by the additional production of lactic acid," both resulting in the generation of ATP anaerobically, and creatine can reduce muscle fatigue during intermittent high intensity exercise,' although the cause of this improvement in muscle function is unclear. Early aerobic exercise is similar to early ischaemic exercise when examined by "P MRS." Accordingly, we can use the difference between the resting spectrum and the first exercise spectrum to assess non-oxidative ATP synthesis. These results showed that the initial rates of PCr depletion and glycogenolysis were similar in both groups, implying that creatine ingestion had no effect on anaerobic response of the muscle. The current exercise protocol did not involve intermittent exercise and hence the benefit of creatine supplementation to anaerobic metabolism may be limited to high intensity intermittent exercise.
AEROBIC METABOLISM
In a previous study, creatine supplementation did not have a beneficial effect on endurance (aerobic) exercise.'8 Recovery of PCr following exercise does not occur in the absence of oxygen supply to the muscle'920 and is reduced in mitochondrial myopathy" and other disorders where mitochondrial function is known to be reduced." Qmax is a measure of the rate of PCr recovery after taking into consideration the driving force for PCr resynthesis, [ADP], and as a result can be used as an index of mitochondrial number and function and muscle oxygen supply." If creatine had produced an improvement in muscle oxidative capacity by, for example, facilitating the transfer of high energy phosphate between the mitochondrion and the cytosol, we would have expected to see a decrease in PCr recovery half time and an increase in Qa. Neither differed significantly after treatment with creatine or placebo, implying that neither training nor the additional supplementation of creatine 2 g daily had any beneficial effect on the oxidative capacity of gastrocnemius muscle of these subjects. It is possible that a muscle more crucial to swimming may have shown different effects of creatine supplementation.
The alterations in performance times in the swimming pool were similar in placebo and creatine treated groups (table 1) reinforcing our "P MRS results that there was no benefit of creatine 2 g daily. We did not examine the muscles of the arm, which may have shown a different metabolic effect of the creatine supplementation in these athletes.
SUMMARY
Creatine at a dose of 2 g daily for six weeks had no demonstrable effect on skeletal muscle aerobic or anaerobic metabolism as assessed by "P MRS. Exercise performance and muscle oxygenation rate were similarly unaffected.
